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Abstract 
 
 As the game of golf has continued to grow and evolve, many factors have led to the 
negative accusations about the golf course and the environment.  The way golf courses 
consume massive amounts of resources and cause harm to plant and animal life led me to seek 
a way to design a golf course with sustainability in mind.  Is it possible for a golf course, which 
requires much maintenance and care, as well as resources, to display characteristics of 
sustainability?  Can a golf course provide habitats for wildlife, clean storm water runoff and filter 
it to storage areas, as well as provide an economic uplift to the community?  These are some of 
the questions I had to ask myself and answer during this project.   
 
 I chose to implement these ideas on a site located in Anderson, Indiana.  The site is 
currently a nature preserve, and has the remains of an abandoned gravel quarry.  The site is 
rich in diversity in the areas of vegetation, wildlife, and topography, making it an ideal site for 
the implementation of a sustainable golf course.  Through the careful planning and study of the 
topography and natural features, the golf course was laid out in a manner that sought to 
minimize the impact of the land and provide areas of habitat and refuge for animals.   
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Introduction 
 
As soon as my father introduced me to the game of golf, I was captivated by the game.  
I can remember the days of going to the driving range and hitting golf balls and begging my 
father not to leave.  As I grew older the passion of the game of golf continued to have a tight 
grip on my life.  Through high school I played golf on the team and was given the privilege to 
travel throughout Indiana playing some very nice golf courses.  What was it, and what IS it that 
is so fascinating about the game of golf?  Is it the challenge the game brings to one’s life, 
whether that be the physical challenge of constantly trying to better your swing, or the mental 
challenge of trying to better and calm your thoughts.   
 
The passion of this game brought me to the golf course time and time again and as I 
began my study of landscape architecture, I started to realize and notice the environment of 
the golf course and the many different systems that are interconnected to make it work.  I also 
began to hear about the many negative accusations that are brought about the golf course.  As I 
read more about the golf course I began to find out what is behind all of the green grass and 
nice rolling hills.  In recent years, the evolution of golf has propelled designers to construct 
more elaborate courses that require large amounts of turf to be moved (2 to 3 million cubic 
yards) and cause numerous stresses on the environment.  These stresses create imbalances in 
the ecological cycles of nature and can harm plant and animal life.  The average golf course is 
sprayed with more pesticides, herbicides, fungicides, and fertilizers per square foot than most 
farms in the United States.  “The golf boom of the 1980s brought renewed attacks on golf on 
several fronts: water use, possible pollution by fertilizers and pesticides, and the loss of natural 
areas.” –United States Golf Association.   
Major detrimental effects of golf course construction and management include leaching 
and runoff losses of nutrients and pesticides, soil erosion, development of insect and diseases 
resistant to current chemical management strategies, excessive water use, degradation of stream 
and lake quality, loss or disturbance of wetlands, and disturbance and toxicity impacts on 
wildlife.  With these effects in mind, how can we design a golf course that not only minimizes 
these harmful effects to the environment, but also preserves and sustains the environment?  
The issue of sustainability is an issue of increasing interest and importance to many 
fields of environmental research, management, and design.  With the aforementioned effects in 
mind, the sustainability of a golf course is a great way to implement strategies that will act as a 
guide that will lead the community to further enhance the environment.  Many new golf course 
designers are realizing the negative impact that they have, and are implementing design 
principles which minimize environmental impact while utilizing resources in an efficient and 
positive way.  A great way to implement these environment improving strategies is to apply 
them to a reclaimable site, like an abandoned gravel quarry, flood prone area, landfill, or 
brownfield site.  These reclaimable sites are besmirched landscapes that are almost devoid of 
vegetation or wildlife species and have the potential to do harm to the environment.  
Reclaiming these sites through the implementation of an environmentally friendly golf course 
allows for the restoration of natural systems and begins to rebuild the balances that exist in 
nature. 
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Literature Review 
- Introduction 
 Approximately 1.3 million acres of land were managed strictly for golf course turfgrass 
in the United States.  With this great amount of land used for golf, many environmental factors 
arose.  Although golf courses provide numerous benefits to the community including bringing 
in additional tax revenues, increasing property values around the courses, providing a dynamic 
habitat for wildlife, outdoor recreation sites, filtering the air, and filtering effluent water sources, 
many anti=golf individuals still thought more work should be done to protect the environment.  
The opportunity to create “sustainable” golf courses in both renovating old courses and 
constructing new golf courses arose.  The idea behind sustainability is to maintain or enhance 
the wildlife and flora, hydrologic features, and the soil and earth systems. 
 
- Turfgrass  
Turf is an excellent system to minimize leaching of pesticides and nutrients.  However, 
a turfgrass system is highly managed, and even the best system can give poor results if poorly 
managed.  Conversely, a poor system can often give good results when managed well. 
Turf, as a system, has a high level of microbial activity which, combined with the large 
amount of surface organic matter creates a unique environment that minimizes the possibility 
of substantial downward movement of agrochemicals.  Turfgrass has the potential to entrap and 
retain large quantities of preic 
 
- Pesticides  
The best approach is to choose pesticides that have little chance of reaching 
groundwater. New pesticides being developed for the market generally have much better 
environmental characteristics than older pesticides, which tend to be more persistent. Over 
time we believe that pesticide manufacturers will continue to meet the needs of the golf course 
industry by developing safer, more active products.  
 One of the best ways to reduce pesticide leaching is to develop more active products. 
This has already happened in the herbicide area. Ten to 15 years ago, many herbicides were 
applied at rates of 5 to 10 lbs of active ingredient per acre. Today, many new herbicides are 
being applied at rates as low as 1 to 2 ounces of active ingredient per acre. By reducing the 
active ingredient load applied to the turf by 50 to 100 times, the chance of moving any of these 
herbicides to groundwater is quite small. Thus, with the development of short-persistence 
pesticides that require low use rates, pest problems in turf and other crops should be 
adequately controlled at low cost to the environment.  
 
The golf course industry has been and still is targeted for criticism regarding pesticide and 
fertilizer use. The research presented here indicates that much of this criticism is misdirected.  
 
- Water Conservation 
 www.usga.org/green 
 
- Wildlife and Golf 
 A well designed golf course can provide wild life sanctuaries.  Golf courses preserve and 
enhance an often rich variety of native birdlife, animals and vegetation, which in turn enriches 
the ecology of the region.  Careful management actively promotes desirable habitat via sound 
practices such as weed control to eliminate competition on the more delicate endemic species.  
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Golf courses act as important “links” of green space across a region by allowing the movement 
of species through the corridors. 
 
- Wetlands 
 Wetlands can be recognized for their environmental and economic value and 
opportunity.  Wetlands offer the option of directing runoff through wetland systems, allowing 
them to filter out any unwanted chemicals and then utilizing that water for irrigation purposes.  
The use of wetlands can be utilized to reduce the impact of erosion along shorelines and 
riverbanks.  At the ecosystem level, wetlands moderate the effects of floods, improve water 
quality, and have aesthetic and heritage value.  Wetlands also provide important habitat for 
many organisms.  They contribute to the stability of global levels of available nitrogen, 
atmospheric sulfur, carbon dioxide, and methane. 
 Wetlands have been shown to remove organic and inorganic nutrients and toxic 
materials from the water that flows across them.  When environmental conditions are optimal, 
waste organic compounds are rapidly decomposed, and accumulated heavy metals and 
phosphorus are buried in deep sediments.  Wetlands remove sediments and toxic substances, 
and remove or filter excess nutrients.  These wetlands improve water quality just as a water 
treatment plant costing million of dollars to build and operate could.   
 Wetlands play an important role in flood control.  Wetlands intercept storm waters, 
thereby moderating sharp runoff peaks to slower discharges over longer periods of time.  
Wetland vegetation serves to stabilize landforms and protect development 
 Being located at the interface between dry and wet environments, wetlands are used 
by plant and animal species from both aquatic and terrestrial ecosystems.  The wetlands 
provide primary and secondary habitats for many animals.  This feature gives some wetlands 
the distinction of being among the most productive environments on earth. 
 Wetlands are important from an economic standpoint as well.  Fifty million people 
spend an estimated $10 billion each year observing and photographing wetland-dependent 
wildlife.  States with lower pollution levels and better environmental policies generally have 
more jobs, better socioeconomic conditions and are more attractive to new business.  There is 
a direct relationship between the environment and the economy because the economy is 
dependent upon the environment to provide resources and assimilate wastes. 
 
- Sustainability 
 Sustainability can be defined in a number of ways and is hard to classify as a single 
approach or solution.  The profession of landscape architecture seeks landscape sustainability 
(the ability of a landscape to be sustained without resource depletion or degradation), 
regeneration (recurring recreation of landscape system capacity), strong positive placeness 
(ability of a place to evoke strong mental images and be remembered over extended periods of 
time), and community-building that promotes community wellness and productivity.  As a 
country, most of the focus of sustainability is strictly on the environment, while many other 
countries focus on the entire scope of sustainability, which involves social, economic, and 
ecological issues.   
 The global landscape is at a turning point from the state of equilibrium to a dissipative 
state characterized by the breakdown of global life-support systems.  Without the shift of 
thinking from reductively to metabolically, the global life systems may be depleted.  A shift to 
an ecology of design, which would replace conventional resource flows that are linear (source-
to-waste) with ones that are cyclical (regenerative) would promote management, planning, and 
design that regenerates the systems that we rely on.  We need to base the designs as a 
profession on the model of nature.  Mainstream design takes excessive resources from nature 
and builds environments that generate extraordinary wastes that adversely affect all current and 
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future species.  An ecology of design respects nature, conserves resources, and minimizes 
pollution.  Sustainability sees fundamental principles of nature-- “waster equals food,” “nature 
runs off of current solar energy,” and “nature depends on diversity, thrives on differences, and 
perishes in the imbalance of uniformity,”—as the pathway to overcome problems. 
 In order to achieve sustainability, a design must partner with nature’s negentropic 
ability, through life processes, to concentrate energy, create order, and increase complexity, 
productivity, and stability. 
 Ecological design is closely related to the project at hand in seeking a sustainable golf 
course.  Ecological design minimizes environmentally destructive impacts by integrating itself 
with living processes, rather than implementing the design apart from the living processes 
within the site.  This integration of design and nature implies the respect for species diversity, 
minimization of resource depletion, nutrient and water preservation, habitat quality, and 
human health. 
 
The Case for Sustainability 
“The word ‘sustainable’ implies perpetuity, constant rebirth and renewal, and an inexhaustible 
system.  ‘Development’ connotes change, growth, expansion, production, movement.  
Development, to be sustainable, must somehow incorporate renewal that ensures the 
continuity of matter, resources, populations, and cultures.  Sustainability, to incorporate 
development, must allow change and adaptation to new conditions.  Today, the two ideas 
together speak of balancing economic and social forces against the environmental imperatives 
of resource conservation and renewal for the world of tomorrow”  (Porter, ULI, The practice of 
Sustainable Development). 
 
Well designed golf courses can benefit the community and the environment. 
Well Designed Golf Courses   (http://www.sagca.org.au/environment.html) 
· Provide wild life sanctuaries  
· Preserve open space and remnant vegetation within urban environments  
· Protect topsoil from degradation  
· Protect water resources  
· Rehabilitate degraded landscapes ie tips, mines, intensive use/mismanaged land  
· Promote physical and mental well being, reducing stress for more than 2 million 
Australians  
· Promote indigenous flora and fauna and the Australian Landscape Experience  
· Improve air quality and moderate temperature  
· Utilise and treat water resources such as; sewage, stormwater and urban runoff thereby 
reducing load on waterways  
· Beautify the environment and provide community education on environmental issues  
 
Provide Wildlife sanctuaries 
Golf Courses provide a unique opportunity to create within their boundaries a 'Wildlife 
Sanctuary', which preserves and enhances an often rich variety of native birdlife, animals and 
vegetation, thereby enriching the ecology of the region. Many golf courses house significant 
areas of natural landscape (some 65% of the site), consisting of rough and non golf play areas, 
natural grasses, tress and shrubs.  
sustainable reclamation in golf course design                                                                                 9 
Careful management actively promotes desirable habitat via sound practices such as weed 
control to eliminate competition on the more delicate endemic species.  
In broader terms golf courses act as important 'links' of green space across a region, particularly 
in an urban context.  
 
Preserve open space and remnant vegetation within urban environments 
Golf Courses are contiguous with green belts and compatible land uses such as sporting 
reserves, wildlife sanctuaries, wetlands and forest.  
In this way golf courses preserve, protect and enhance flora and fauna. Golf Courses also serve 
as a 'buffer' between sensitive natural environments and cities and industrial areas.  
Protect topsoil from degradation 
The degradation of soil appears in many forms such as acidification , salination and erosion.  
With the scarcity of soils in some parts of Australia, years of poor farming practice have seen 
millions of cubic meters of topsoil literally washed and blown away, ending up in our 
waterways, lakes and oceans. Topsoil is vital in not only maintaining an environmental 
equilibrium but also in practical and economic terms for building materials and farming. 
However as with all natural resources it must be managed in a sustainable manner.  
Vegetation plays a significant role in the sustainable management of soil. Vegetation, 
particularly turfgrass, successfully controls water's erosive power. A dense root and shoot system 
creates an organic thatch layer which filters and slows surface water runoff. Research has shown 
that even during high rainfall periods (6-7 cm/hr), turf hold up to 20 times more soil than 
traditionally farmed cropland.  
Protect water resources 
Golf Courses play a significant role in the management of water, aiding in the conservation and 
preservation of water resources. Golf Courses act as a natural filter of stormwater and runoff. 
Turfgrass, together with the natural landscape function in trapping sediment and pollutants 
before they enter common waterways. The containment of water on site helps in flood control 
and filtration whilst contributing to the recharge of aquifers and groundwater which may 
otherwise pollute nearby waterways.  
 
Rehabilitate degraded landscapes 
Often economic limitations make it difficult to rehabilitate scarred and degraded landscapes 
such as landfill, quarries, tip sites and barren rural land.  
Golf Courses provide a viable land use for land degraded over time by intensive land use or 
mismanagement. Golf Courses can contribute to the reinstatement of the natural processes of a 
healthy environment by reconditioning degraded soils and restoring natural systems.  
Perhaps the most significant benefit is in providing a new use for this land with wide 
community benefit.  
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Promote physical and mental well being 
Golf provides over 2 million Australians of all ages with the motivation to pursue outdoors 
exercise. The average round of golf takes the player on a 7-8 km walk. Research shows that this 
alone can reduce cholesterol levels. Additionally golfers are exposed to the unconscious benefit 
of their natural surroundings whilst chasing the 'elusive little white ball'. Studies show that a 
pleasant landscape positively contributes to the mental well being of its viewer. For example 
hospital patients are known to recover more quickly when blessed with a pleasant landscape 
view. This benefit, together with the ability of a game of golf to provide the temporary escape 
from the pressures of day to day life make golf an extremely healthy pursuit for mind and body.  
Promote indigenous flora and fauna 
The Australia landscape is not easily defined or typified. Across our vast continent the climate, 
topography, flora and fauna varies considerably. Ranging from the extreme intensity of our 
centre, to the tropical abundance of the far north and the coastal heath of our southern parts, 
the landscape's character and form are constantly changing. Australians and visitors to our 
country are afforded the opportunity to experience the Australian landscape, where ever they 
might be, whilst enjoying a round of golf.  
Golf Courses are vital in this role providing opportunities for a wide cross section of the 
community to experience our natural landscape.  
Golf Courses also recognise the importance of cultural, rural and historic landscapes which may 
be managed in an appropriate way so as to not significantly impact upon golf strategy.  
Improve air quality and moderate heat 
Vegetation has the unique capability of improving the quality of air we breathe as well as 
producing it. Photosynthesis is a process whereby carbon dioxide is consumed by the plant, 
converting it into oxygen. Research shows that an area of 180 square metres of turfgrass, 
grasslands, shrub and tress produces enough oxygen for one person for one year.  
Turfgrass and trees also have the effect of reducing the heat of an area. Planting around 
buildings and carparks provide the dual benefits of a more comfortable environment whilst 
reducing cooling costs.  
Utilize and treat water resources such as effluent, sewage, and urban 
runoff 
The reliance upon potable water to irrigate a golf course is an issue gaining increased attention. 
Golf Courses face the reality that when striving for sustainability they must not only seek 
alternate water sources but more effective water usage/management practices. Where feasible 
golf courses can offset their potable water usage by the use of alternative water sources. As the 
costs of potable water rise there is an economic incentive to supplement potable water with 
effluent and/or stormwater. Filtering effluent and stormwater through a golf course lessens the 
pollution and sedimentation of our waterways.  
The use of secondary treated effluent has the added advantage of supplying up to 70% of the 
nutrient requirement needed to maintain 'quality' turfgrass, lessening the need for chemical 
support.  
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Beautify the environment and aid community education on environmental 
issues 
Golf Courses provide the opportunity to enrich the environment by housing a diverse and rich 
ecology. Significant ecosystems such as a wetlands provide a valuable resource in terms of an 
education facility for golfers and interest groups alike. The habitat qualities of wetlands sustain 
many varieties of migratory birds, native animals, fish, insects and plant life. Guided walks 
educate and alert participants to the environmental issues within the golf course as well as 
within the broader context of the region. 
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Background (History of Golf) 
The history of the game of golf is a bit shrouded in mystery, but most golf aficionados 
believe that the modern-day game traces its roots back to Scotland and the oldest links-style 
courses.  “Links land” is that somewhat barren land that is found between the more productive 
agricultural lands and the sea.  It is land that is sparsely vegetated and wind-blown, and to 
many, it is not good for much of anything.  This links land is where the birth of golf is 
considered to have taken place.  Many of the original golf layouts started with the first hole 
being found at the city’s edge, with succeeding holes going out into the links land, and then 
returning on nearly the same piece of land back toward the city.  In many cases, greens were 
large enough to accommodate two separate holes.  This not only saved on building and 
maintenance costs, but it also gave golfers a chance to talk to others who were playing along 
the way.  Both the equipment used and the terrain in which the game of golf was played were 
absolutely nothing like today.  In the beginning, golf was certainly a game that was played in 
nature, and it was truly nature of the wildest sort.  Wind, rain, rocks, and bare brown spots 
between sparsely and somewhat poorly managed turf were all elements of the game when it 
started.  The origin of golf is a long way from the manicured conditions that we find today on 
many golf courses and certainly a long way from the steel-headed, titanium-shafted clubs that 
we find in use in the modern game.  It is this transition from a game that was truly played in 
nature to a game that is played in an artificial form of nature that is the taproot of some of the 
environmental and economic concerns that are facing the game today. 
 The game of golf has seen periods of slow to no growth, then to significant growth, to 
explosive growth.  The growth of the game and the public fascination with the professionals of 
golf and the courses on which they play their game also has changed the way that golf courses 
are designed and managed.  While these changes to the golf can be good, they can also have a 
negative impact if they are not controlled and can drastically alter the outcome of golf course 
design.  The modern game of golf bears little or no resemblance to the original game of golf.  
Other than trying to get a ball into a hole in the ground in the fewest number of strokes, the 
two games can hardly be compared.  Not to mention that the golf ball today is certainly not the 
same kind of ball as originally used and the “hole” used today is metal sleeved, perfectly 
placed, and painted white.  In addition, the game that today’s touring professional and the 
game that everyday golfers play can hardly be compared.  That is were the problems associated 
with the sustainability of the game of golf rests. 
 The public of today desires courses to be designed and managed as though we could 
all play like the touring professional.  We want fast greens and perfect turfgrass, no matter 
where we might actually hit the ball, and we want the equipment to guarantee that we can hit 
as straight and far as any touring professional.  This form of golf, is a speeded-up business 
dealing opportunity masquerading as golf.  It is this process that could be the demise of the 
game itself.   
 There are presently more than 17,000 golf courses in the United States, and between 
the mid-1980s and late 1990s, one new golf course per day was opened in the country.  
Although the golfing public and golf investors were enthusiastic about this growth, many 
governmental agencies, environmental organizations, and the public have expressed concern 
about the environmental impact of golf course development and management.   
 The game of golf—already thought by many to be expensive and exclusive—may 
increasingly preclude the general public from enjoying the natural and recreational benefits of 
the game.  It appears in the early 2000s that the golf course boom has now slowed to a crawl 
or completely stopped in many places.  Much of the slowdown can be directly connected to 
unsustainable economic strategies that many have taken regard to the game of golf.  These 
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strategies include, but are not limited to (1) building courses in places that will not support the 
necessary rounds of golf and a reasonable green fee to allow the course to be solvent; (2) 
building courses in a manner in which the associated maintenance costs to keep the courses 
playable put undue economic stress on the maintenance budgets and course staff; (3) 
attempting to build courses in the wrong locations from an environmental point of view and 
therefore causing the expenditure of millions of dollars in attempts to gain governmental 
permits, which in the end may or may not be granted; and (4) managing existing courses in 
ways that cause environmental problems such as adverse water quality and public or employee 
health concerns that can cause both economic and social problems.  All of these lead to 
economically, ecologically, and socially unsustainable golf courses.   
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Goals and Objectives 
http://www.usga.org/turf/articles/environment/general/environmental_principles.html 
- Develop a golf course which is environmentally sustaining and aesthetically pleasing 
- Work with wetlands, prairies, woodlands and other natural methods as a system to 
bring about habitat sustenance and enhancement.  
Look at aspects of a wetland which would allow the removal of pesticides and 
other chemicals to be removed before entering the hydrology 
-Identify environmentally sensitive areas and other natural resources so that a design 
can achieve balance between environmental factors, playability, and aesthetics. 
-Retain native and/or naturalized vegetation when appropriate in areas that are not in 
play. 
In playing areas, grasses that are best adapted to local environmental conditions 
should be selected to provide playability characteristics and permit the use of 
environmentally sustainable maintenance techniques. 
-Utilize irrigation, drainage, and retention systems to provide efficient use of water and 
the protection of water quality.  Provide short- and long-term irrigation needs of 
maintained turf and the unmaintained areas of the course.   
-Incorporate water reuse strategies if economically feasible and environmentally and 
agronomically acceptable through the use of wetland filtration 
-Create buffer zones or other protective measures to protect water resources or 
environmentally sensitive areas.  
-Design golf course with sustainable maintenance in mind. 
Design should incorporate Integrated Plant Management and resource 
consideration strategies that are environmentally responsible, efficient, and cost 
effective. 
Minimize manicured fairway areas. 
Utilize species of grasses that require minimal maintenance. 
-Increase species biodiversity. 
Look at the current site conditions and analyze how the site could maintain a 
balance while creating a diversity of plant life and biological situations.  This in 
turn creates habitat for different animals and leads to the creation of a 
sustainable community of plants, animals, and water 
Provide wildlife sanctuaries. 
-Work with the natural topography of the land and utilize natural landforms and 
features to minimize the amount of grading required. 
-Locate sources on site which can be used to allow the construction method to become 
more sustainable, such as quarrying pea gravel and sand on site for green construction.  
-Rely on the site to provide the materials for construction 
 
-Improve or revive previously degraded areas (landfills, gravel pits, etc.) within the site  
Utilize plants and other natural processes to recondition soils and incorporate these 
areas into the design of the golf course. 
 
- Design a golf course that is challenging and worthy of all skill levels. 
-Incorporate modern golf course design strategies to provide a variety of golf shots, 
conditions, and challenges for every golfer. 
 
-Create economic and social benefits within the Anderson community 
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- Provide the community with jobs, including involvement with design, construction, 
and maintenance of the golf course. 
 - Provide the community with additional recreational opportunities. 
 
- Connect the public and private opportunities which exist on the site 
- Suggest the possibility for wastewater reuse onto the golf course by way of wetland 
filtration 
- Connect the site with the proposed greenway along the White Rive 
 
- Design an 18 hole course and focus on certain areas of the course in further design to look at 
how wetlands, prairies, and construction methods work together 
- Find a site which would allow both sustainable methods and a golf course to exist 
- Identify site selection criteria for a sustainable golf course 
- Design a course which handles societal issues, current pessimism of negative golf 
courses effects, and community/recreation roles and connections. 
- Minimize inputs on the site as the golf course is both placed on site and maintained. 
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Program 
The program for this project was divided into four sections. 
- Clubhouse and area 
- Practice facilities 
- Golf course configuration and components 
 - Sustainable systems 
- Maintenance facilities 
 
Clubhouse and Area     5% of total acreage 
 Parking 
     Designated for 140 cars 
 Meeting rooms 
     Locker rooms – 3000 sq. ft. 
     Special events – 1000 sq. ft. 
 Seating Capacity – 200 
 Retail Space 
     Pro shop – 1500 sq. ft. 
     Retail storage – 170 sq. ft. 
 Food/Beverage Area (footprint only) 
     Dining area – 1500 sq. ft. 
     Bar – 500 sq. ft. 
     Restrooms – 480 sq. ft. 
     Kitchen – 2200 sq. ft. 
 Cart Storage (footprint) – 5700 sq. ft. 
 Cart Staging (footprint) – 1000 sq. ft. 
 Outdoor Event Staging – 8000 sq. ft. 
 
Practice Facilities     10% of total acreage 
 Range – 7 acres (305000 sq. ft.) 
 Greens 
     2 putting greens – 16000 sq. ft. (8000 each) 
     Chipping green – 4500 sq. ft. 
 Teaching Area – 1/2 acre  (21780 sq. ft.) 
 
 
Golf Course Configuration and Components     85% of total acreage 
 Number of holes – 18 
 Par – 70/72 
 Length – 6600-7000 yards 
 Configuration  
    Walkability – tees and greens close 
    Front nine along perimeter, back nine inside loop  
    Par 3s in different directions (for different shots in wind directions) 
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    Perfect balance of golf shots 
         - 9 tee shots left to right 
         - 9 tee shots right to left 
         - 4 par 3s, two left, two right 
         - 2 long par 4s on each nine into the wind (different directions) 
         - 1.5 short par 4s on each side 
 Amenities 
     Shelters/Restrooms – 1500 sq. ft. (500 each) 
     Boardwalks – 16000 sq. ft. 
 
The 18 hole golf course was a general program element which had many specific program 
items.  These specific items were regarded as part of the sustainable systems and included: 
 - Two existing lakes for irrigation purposes 
 - Wetland areas to set up a filtration system for runoff 
 - Prairie sites 
 - Enhanced Woodland sites 
 
Another section dealt with how the golf course could benefit the surrounding community and 
land.  These elements included: 
 - Connection to proposed greenway along the White River 
 - Provide the community with economic benefits by providing jobs. 
 - Provide the community with additional recreational opportunities. 
 
Maintenance and Management Facilities 
          Water Requirements 
               Quantity – 50000 gallons a day 
               Source – river, lake irrigation 
               Storage needs – 1000 sq. ft. 
          Maintenance facilities 
               Building – reflect architecture of clubhouse 
                    Size – 15000 sq. ft. (footprint only) 
               Storage Area- 500 sq. ft. 
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Site Selection Criteria 
 
- The site must be at least 130 acres for an eighteen hole golf course, and 150 acres are needed 
to be able to include environmental aspects (wetlands, prairies, etc.). 
- The site must be a reclaimable site that is adaptable to building a golf course.  A reclaimable 
site is a landscape that has been altered or changed in a negative way due to human 
influences.  Some examples of potential reclaimable sites include abandoned gravel quarries, 
flood areas, landfills, and brownfield sites. 
- Despite the reclaimable aspects, the site should display the potential to include a variety of 
existing natural elements to allow for the implementation of sustainable practices.  Features 
including lakes, wetlands, forests, and grasslands are essential for an environmentally friendly 
golf course. 
- The topography should allow for grading of contours for correct drainage to retention areas 
and allow for strategic and exciting shotmaking in the design of the golf course. 
- Soils should be able to support the turf load and filter out sediments of storm water. 
- In order to support sustainability, the site should be located next to or near a water source, 
which is the lifeblood of a golf course, for irrigation purposes.  The drilling of a well may be of 
need in the case of droughts. 
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Site Orientation / History, Background 
The site chosen is located in Anderson, Indiana.  The piece of property, approximately 180 
acres in size, is called the Rangeline Nature Preserve, formerly known as the Vulcan Property.  
The site is bordered to the south by the White River, to the east by Rangeline Road and rural 
type housing with large lots and agriculture fields, to the north by highway 32 and residential 
areas, and to the west by wooded areas and residential areas.  The overall site is located in the 
suburbs of Anderson. 
    
 
 
 
The Vulcan Property began in 1799 when the Moravian Mission settled on it, intending to 
convert the Native Americans to Christianity.  In the 1840s and 1850s, a hydraulic canal cut 
through the site that was to be a part of a larger canal system.  In the 1940s the site was then 
utilized as a gravel mine.  This function lasted until the early 1980s and some of the uses as a 
gravel mine are still evident.  The site has recently been used as a dump, but is now an inactive 
landfill.  In 1990, the Vulcan Corporation sold the property to the City of Anderson, and the 
Parks and Recreation Department acquired the land.  Ideas of placing a golf course or a nature 
preserve were explored.  Currently, the site functions as a nature preserve. 
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Site Inventory 
 
Vegetation 
The site is seventy-five percent wooded.  There are various successional states of forests and a 
great deal of scrub brush and understory trees.  Upland forest, successional woodlot, floodplain 
forest, open meadow, and scrub growth all exist on the site.  Upland forest is found to the 
northern quarter of the site.  Species in these areas include oak, hickory, beech, and maple.  
The successional woodlot occupies the central region which consists of sycamore, maple, and 
beech species, with ash dominate.  A well developed and thick undergrowth occurs in the 
woodlot.  The southern quarter of the site contains the floodplain forest, with ash, sycamore, 
cottonwood, and maple species, with hackberry dominating.  There is one open meadow 
located among the successional woodlot and a large meadow located in the floodplain forest 
on the southwest section of the site.  Scrub growth occurs to the northeast of the site, located 
where the existing gravel pit was formerly utilized.  This form of vegetation is classified with 
invasive species, including silver maples, elms, and tree of heavens. 
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Water Features/Floodplain/wetlands/soil wetness 
 There are two main bodies of water.  One of them is considered a lake, located in the 
southeast region of the site in close proximity to the white river.  The lake is approximately 10 
acres in size and is used for fishing which supports a large wildlife population.  This lake is the 
result of the mining of gravel and sand.  Running from the north of this lake is a man made 
channel which was most likely used when the site was an active quarry.  Another small lake, 
two acres, is located on the north end of the site and is surrounded by many quarry sites.  The 
lake appears to be shallow and contains several islands.  There are a number of various 
inundated areas throughout the site that are rain water collection areas.  The White River is the 
other main body of water located at the southern border of the site.  When the river floods the 
fringe occupies the bottom third of the site.  
Floodplain- Located near the 849 foot elevation. 
Soil Wetness- Wettest soils detected in the southern regions due to the proximity to the river 
and the lake.  Soils surrounding inundated areas are wet during intense rain activities.  The 
driest soils occur towards the center and northeast corner of the site, due to the elevation and 
the former use of a gravel pit and landfill areas. 
                     
 
 
 
Slope/Topography 
The topography of the site was very diversified.  The site contains many quarrying sites, which 
are recognizable by drastic changes in topography and deep holes and hills.  The site contains 
numerous ridges winding throughout the site which allow for terrific views of the surrounding 
landscape.  The most severe slopes are found to be located to the northwest, the central area 
where the former landfill was, and the northeast corner of the site.  The slopes range from 
nearly flat to approximately 60% in places where the mining had occurred.  On average the 
topography can be described as rolling with a slope of 5-10%, which is ideal for a golf course.  
Elevation ranges from 839 by river to 902 near north boundary. 
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Circulation/Connections/Accessibility/Trails, Paths  
Connections- A partial riverwalk system in Anderson connects a number of parks, green spaces 
and recreational areas along White River.  The greenway currently does not extend into the 
Rangeline Nature Preserve.  The proposed plans call for the inclusion of this site and future 
connection to Mounds State Park, located less than a mile to the east.  Property issues would 
currently inhibit the connection to Mounds, however, I assumed that over time, the richness of 
this opportunity persuaded private/public owners to invest in this opportunity.  The city of 
Anderson can also take advantage of the power to extend a city greenway four miles past the 
city/county border, which is located directly at Rangeline Road.  Rangeline Road is located to 
the East of the site and is the major thoroughfare of this specific region.  This is the only road 
that borders the site.  To the north and west is a residential neighborhood and to the south is 
the White River.   
The site is located in close proximity to Highway 9 to the west, Highway 32 to the north, and 
Highway 232 and 67 to the south.  Interstate 69 is located less than five minutes away by 
automobile and can be reached by any of these mentioned highways.  The main entrance to 
the property was located off Rangeline Road. 
This site is approximately 10 minutes from the central business district of Anderson, and 
approximately 5 miles from the town of Daleville.  Regionally, Muncie was within 30 minutes 
and Indianapolis less than hour. 
Trails/Paths- The City of Anderson Parks and Recreation provided a number of trails throughout 
the site.  These trails add to the variety and accessibility throughout the site. 
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Wildlife 
A variety of wildlife exists due to the size and diverse natural conditions.  Some of the largest 
populations on the site include duck, fox, deer, squirrel, skunk, beaver, several species of bird 
and many aquatic species.  Open water species include waterfowl, fish, phytoplankton and 
limonitic species (frogs, snails, waterfowl) are found around the large lake in the southeast 
corner and the small pond in the northeast corner.  Species of deer, squirrels, and owls can be 
found on the northern and southern third of the site.  Two areas toward the center of the site 
contain species of raccoons, opossums, rabbits, and quail. 
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Site Analysis 
 
Vehicular/Circulation 
The main access point to the site is an extension from Rangeline Road on the eastern 
boundary.  The area is currently flat and just recently a gate was installed to provide a parking 
lot area for the public.  The transition from this area to the road is relatively flat and would not 
require extensive grading if a parking lot for the golf course would be located here.  The second 
entrance area is located toward the north section of the site, and is currently used as an access 
point for maintenance vehicles.  This would be a poor location for a main entrance because a 
residential area is located to the north of the site, and in order to enter the site, one would 
have to pass through the neighborhood, creating excessive traffic problems for the area.  
Possibilities of locating a clubhouse in the inactive landfill, as well as utilizing some of the 
existing gravel and sand to construct a parking lot, whether that be impervious or not.  Most of 
the users of the site would be coming from the north or south on Rangeline Road, which is a 
rather straight and long road, which allows for higher speeds.   
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Pedestrian 
The proposed greenway along the White River allows for regional pedestrian connections.  The 
population base from residential neighborhoods to the north and west may provide a majority 
of the use through pedestrian/recreational activities.  The boundary to the city of Anderson is 
located at Rangeline Road, so further development of a greenway will have to go through 
county hands.  As noted by Tamera Doty, a landscape architect and urban forester for the city 
of Anderson, the city has an opportunity to expand any city greenway four miles beyond the 
city limit, so this will open up the possibility of connecting to Mounds state Park.  In order to 
connect to Mounds State Park, the greenway will have to cross the White River at some point.  
One proposal is to cantilever off of the existing bridge that crosses the White River or create a 
footbridge that crosses the river farther down the bank.  The proposed greenway along the 
northern edge of White River creates an interesting relationship between the river and the 
existing land of the nature preserve.  A buffer of 50 feet is needed to incorporate the trail on 
the northern edge of the river, which will unquestionably affect the design and placement of 
the golf holes near the river’s edge.  These issues will also bring up the issues involving the 
safety of pedestrians using the greenway and the trespassing of pedestrians onto the golf course. 
 
Wildlife 
The site consists of mostly smaller mammals because of the amount of scrub brush and 
vegetation.  Large mammals, like fox and deer can be found near the river’s edge and along the 
northern edge of the site.  Fish and wetland fauna can be found around the lakes and 
inundated areas throughout the site. 
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Topography 
The topography of the site creates many different opportunities as well as numerous 
constraints.  The opportunities created by the topography include the variation of golf shots, 
potential for spectacular views, creation of pockets or “rooms” that would create a sense of 
enclosure, and the effective utilization of drainage to wetland corridors.  The numerous 
depressions and mounds created from the mining processes create terrific opportunities for a 
wide range of golf shots and layouts.  A limitation to the excessive topographical undulations is 
the amount of grading that would be required to create relatively flat areas used for greens, 
fairways, and the practice range.  The ridges located in the central portion of the site provide 
wonder views to the surrounding landscape and would be a wonderful location for the 
clubhouse and/or the eighteenth hole of the golf course.  Another constraint noted for the 
topographical aspect of the site is the potential for blind shots.  These are golf shots where the 
landing zone of the golf ball is not visible.  These shots create great safety issues and are solved 
by the regrading of the land or the repositioning of the tee box.  Having such a great variety of 
landforms to work with allows for creative design solutions in the area of drainage.  The design 
of the golf course will have to blend with the natural forms of the land and allow for correct 
drainage to inundated areas and wetland corridors. 
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Vegetation 
The two main forested areas on the site are located in the northwest section of the site and the 
southern area near the river.  The northern forest has strong undergrowth and is slightly 
different than the undergrowth of the southern forest.  The southern forest area has a tendency 
to flood due to the proximity to the river.  A majority of the site is scrub growth, with dense 
undergrowth, but very few amounts of mature trees.  The opportunity allows the expansion 
and growth of the mature forests, which will in turn allow for more wildlife to create habitats 
for themselves.   
 
The meadow system is a rich opportunity in that within the meadows are small pockets within 
the site which have the potential to be linked together and create wildlife corridors.  These 
areas of meadows also offer the chance to be converted into prairies and allow the natural 
grasses to dominate.  The overall site is in a great context to connect to the larger system of the 
White River’s ecological system. 
                      
 
Water 
The two major lakes and the White River provide the major establishment for the water system 
on the site.  Numerous inundated areas are spread throughout the site which lend themselves 
to a natural form of a wetland.  Through the use of wetland technologies, these areas can be 
utilized and transformed into a series of wetlands throughout the site that can create new 
habitats for wetland flora and fauna, as well as treat some of the effluent water on-site.   
 
The existence of the ten acre lake on the southeast portion of the site creates some potential 
opportunities and some constraints on the golf course.  The opportunities of the lake include 
the potential use for irrigation purposes, the positive environmental impact it has on the region, 
and the possible utilization for recreational purposes (fishing, boating).  Allowing this lake to be 
a source for recreation creates issues of safety for boaters and the impact the boats and humans 
would have on the ecological systems. 
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Conceptual Studies 
 
The first task for conceptualizing this golf course was to lay out a routing plan.  This was 
accomplished using the format of a two loop system, one loop along the perimeter of the site 
and the other loop on the inside.  The purpose of this routing design is to allow for a variety of 
shots, including direction, which would be influenced by varying wind patterns.   
 The ideal placement for a practice range should be oriented north/south to minimize 
the effects of the sun on the vision for the golfer.  The maintenance area of the golf course is 
ideally not in sight and should be located in an area that has easy access to main circulation 
paths to allow for supply shipments and deliveries.   
 In this first concept, the routing plan is designated by the orange line, and follows the 
two loop system.  The entrance is left were it currently is to allow for minimal grading and easy 
access to the clubhouse.  The clubhouse is located just north of the ridge surrounding the 
former gravel pit and will have tremendous views throughout the site. 
 This first concept utilizes the inundated areas as a potential to develop wetland areas.  
These areas will be utilized as pockets throughout the golf course to collect water and to purify 
the runoff. 
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The second concept utilizes the same two loop system, but shifts the layout slightly, the 
maintenance area, and the practice range.  The maintenance area is now to the north part of 
the site and has direct access to the road that comes in from the north.  The practice range was 
shifted toward to center of the site to maximize the safety issues. 
 The inundated areas were utilized to create a network of wetlands to enhance corridors 
for wildlife and to create maximum potential for diverting runoff.  The meadow areas are 
allowed to grow naturally to create a prairie feel in certain pockets of the site.   
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Master Plan 
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Master Plan 
The master plan was derived from the second concept with the maintenance area to the north 
and the practice range in the center of the site.  The clubhouse area is located in the 
northeastern portion of the site due to the analysis of the site conditions.  Placing the clubhouse 
and parking area near Rangeline Road provided conditions that were favorable for minimal 
impact of the land.  Little or no grading is required for the construction of the parking lot and 
the clubhouse area.  The parking lot has parking for 125 cars.  The putting and chipping areas 
are located to the east of the clubhouse and are utilized by the public and members of the golf 
course.    
 
Process 
The process of coming to the final design solution required patience and much trial and error.  
The process that I used was to gather as much information I could about the site and then 
analyze that information and identify some of the opportunities and constraints that the site 
offered.  I began studying the layouts of golf courses and how they fit into a landscape.  I 
gathered information from McKenzie and Ross to identify some of the routing patterns that golf 
layouts follow.  I chose the two loop system that many golf courses follow.  This system creates 
a golf course with two loops, one loop around the perimeter of the site, and one loop on the 
inside of the other loop.  Both of the loops would return back to the clubhouse.  This type of 
layout fits perfectly with the geometry of the site.  Next I began to roughly sketch in the golf 
holes to try and see how much area I had and which areas of the site created problems with 
the layout.  As I began to refine the layout of the golf course, I began to look more closely at 
some of the inventory and analysis that I had done of the site.  As I looked at the topography 
closely, I refined each golf hole according to how the land sloped.  As I finished refining the golf 
holes according to the topography I then looked at the water features on the site.  I had a goal 
of connecting each inundated area to create a wetland corridor that could retain some of the 
runoff from the golf course.  
     
Wetland corridors                                                            Drainage into wetlands 
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 I created my corridors and then I had to refine the golf course layout more to fit around the 
corridors of wetlands I created.  After the water features I focused on the vegetation aspects of 
sustainability.  I identified some of the corridors that were important to keep as a habitat for 
wildlife and as a result had to shift some holes to allow 
for the amount of area needed for those corridors.  
These corridors are crucial because they allow for 
wildlife movement from various habitats to other 
habitats.  These corridors link up to the greater 
ecosystem of the White River as well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vegetation corridors remaining 
 
 
 
 
 
 
As I was working along the White River, the proposal of the White River Greenway forced me 
to create a fifty foot buffer between the river and the nearest golf hole to allow for a safe 
pedestrian corridor.  The solution for the safety issues of the greenway was to create a wooded 
buffer as well as lowering the greenway so that if a stray golf ball would happen to get through 
the buffer,  a blow to the top of the head would not do quite as much damage as a side blow 
to the temple. 
 
River / Greenway section 
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Details 
 
 As the master plan was refined to its final form I then focused on specifically showing 
some of the ways that this golf course can be defined as sustainable.  I chose to highlight three 
areas of how the golf course could show its sustainability:  Vegetation, Topography, and Water. 
 
 
Vegetation 
As with almost any new golf course, the need to remove trees to produce corridors for the 
playing areas is necessary.  This in itself is not a sustainable practice; however, the trees that 
will be removed on the site will be harvested sustainably by utilizing the wood from the trees to 
construct the clubhouse as well as the boardwalks that cross the boardwalks.  The graphic to 
the right shows the existing inventory of the different regions of vegetation as well as those 
corridors (red-orange) that will need to be cleared for the golf course.  As mentioned earlier, 
the corridors that remain will create crucial pathways for wildlife movement, which will then 
result in biodiversity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corridors needed to be cleared                                    Remaining vegetation corridors 
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Topography 
The topography of the golf course was a great way to show that a new golf course does not 
have to overpower the land and destroy much of the natural vegetation and landforms.  As 
stated in the goals and objectives, one of the goals was to minimize the amount of grading 
required and to work with the natural landforms.  The three graphics show the existing 
topography and the proposed golf hole fitting into the landscape without much need grading.  
The only major grading needed would be near the green of this hole. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
Existing topography                                    Proposed golf hole                                  Proposed golf hole with grading 
 
 
Another aspect with the topography is placing the golf holes in those regions that are not 
severely sloped.  The graphic below and to the left shows those areas of the golf course (red) 
that are located in those severe slopes that are greater than 15 percent.  These areas were hard 
to avoid because of the numerous ridges and depressions throughout the site, however, the 
total area of the golf course in these regions is only 7.6 percent of the total area of golf course.  
The graphic to the right indicates those regions of the golf course that are ideal for 
development, between 0 and 10 percent slopes.  Over 80 percent of the golf course is in this 
area, which would create less of a need for the grading of the land. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Area of course in +15% slope                                                 Area of course between 0 and 10% slope 
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Water 
Vegetative filters act as natural biofilters to reduce storm water flow and pollutant load.  These 
filters remove sediment and attached chemicals, organic material, trace metals, and nutrients 
such as nitrogen and phosphorus.   
“If appropriately managed, sediment removal rates are generally greater than 70 percent and 
nutrient removal are generally greater than 50 percent.”  United States Environmental 
Protection Agency 
 
The length, or width, of vegetated filter strips is an important variable influencing effectiveness, 
because contact time between runoff water and vegetation in the filter strip increases with the 
length or width of the filter strip.  
 
Some of the vegetated practices that greatly improve the water quality of a given site include: 
Grassed Swales, Filter Strips, and Vegetated Buffers. 
 
Grassed Swales 
Grassed Swales are designed to carry storm water runoff to either a treatment pond or to carry 
treated runoff from a treatment pond to a wetland or watercourse.  When combined with 
other structural storm water measures, swales can substantially improve the quality of storm 
water.  Typical grassed swale design criteria should be graded as close to zero as drainage will 
permit.  The side slopes should be no greater than 3:1.  A water-tolerant, erosion-resistant grass 
should be established and maintained at the highest end of the optimum range for more 
effective filtration and reduced maintenance requirements.  Swales should be designed to 
generate sheet flow. 
 
 
 
Grassed swale 
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Vegetated Filter Strips 
Filter strips are man-made or naturally occurring flat areas that are established at the perimeter 
of the disturbed or impervious areas to intercept runoff as sheet flow and remove particulates 
and contaminants.  Either grassed or wooded (forested) areas can function as filter strips.  
Effective filter strips include dense growing turf filter strips, which should be incorporated into 
golf course roughs and the perimeter of the impervious areas.  Filter strips should be a 
minimum width of 25 feet, with slopes not to exceed 10 percent. 
        
Filter Strips                                                                                     Filter strips (forested) 
 
 
 
Vegetated Buffers 
The most sensitive portions of watercourses are the areas immediately adjacent to the water.  
Disturbance within and adjacent to watercourses can degrade water quality by increasing the 
availability and transport of pollutants.  The retention of vegetated buffers along watercourses is 
one of the most effective practices used to protect water quality.  Buffer areas should be a 
minimum of 25 feet in width when adjacent to fairways and tees, and 50 feet in width when 
adjacent to greens.  In areas where nonplay buffers are less than 25 feet, roughs can be 
maintained as buffers. 
 
Vegetated Buffer 
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Conclusion 
 
This project allowed me to delve into the specific needs of a golf course and how the shape 
and form of the landscape can work to meet those needs.  Understanding the specific negative 
accusations that golf courses encounter allowed me to have a specific vision in mind and 
helped me design for a purpose, which is crucial to the design process.  As golf courses 
continue to evolve and change, more stresses will be placed on the environment and it will be 
the designer’s job, and responsibility, to create courses that can be not only recreational, but 
economically responsible.  The development of a sustainable golf course is a terrific way to 
show the surrounding community an example of the blending of the environmental, social, and 
economical factors of sustainability into a tangible experience. 
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Appendices 
 
Water Conservation on Golf Courses 
 http://www.usga.org/turf/articles/environment/water/water_conservation.html 
By James T. Snow    
National Director USGA, Green Section 
Reprinted from the publication Water Right – Conserving Our Water Preserving Our 
Environment 
Published in 2001 by International Turf Producers Foundation, Case Study 7, page 48. 
 
Among the most important issues facing the future of the game of golf is that of water use. In many parts of the country, golf 
courses require large amounts of water to irrigate the landscape on which the game is played. Often, golf courses are highly 
visible features in communities and are targets for criticism during periods of drought when homeowners and others are 
restricted in their use of potable water.  
 
For several decades the golf industry has recognized its responsibility to reduce water use and become less reliant on 
potable irrigation sources, and has taken many steps to achieve that goal. The industry has taken a multifaceted approach 
to the problem, including the development of 1) new grass varieties that use less water or can tolerate poor quality water; 
2) new technologies that improve the efficiency of the irrigation system; 3) "best management practices" in golf course 
maintenance that result in less water use; 4) alternative water sources that reduce or eliminate the use of potable water; 5) 
golf course design concepts that minimize the area maintained with grasses that require considerable use of water; and 6) 
programs that educate golf course superintendents and other water users about opportunities for ongoing water 
conservation.  
 
 
 
Improved Grasses that Require Less Water 
 
Since 1982 the United States Golf Association has distributed more than $18 million through a university grants program to 
investigate environmental issues related to the game of golf, with a special emphasis on the development of new grasses 
that use less water and require less pesticide use. For example:  
· Several improved cultivars of buffalograss (Buchloe dactyloides), a native of the 
American Great Plains, have been developed by turfgrass breeders at the University of 
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Nebraska. This grass can replace high water use grasses on fairways and roughs in a 
large geographic area of the Mid-West, resulting in water savings of 50% or more.  
· Improved cold-tolerant, seeded-type bermudagrass (Cynodon dactylon) cultivars have 
been developed by breeders at Oklahoma State University, allowing this stress-tolerant, 
low water use grass to be established in the transition zone as a replacement for high 
water use cool season grasses. Water savings of 30% to 50% or more can be realized. 
When the Ruby Hill G.C. in Pleasanton, CA was built several years ago, its fairways and 
roughs were established to bermudagrass instead of the cool-season grasses used at 
nearly all other courses in Northern California. They estimate a water savings of about 
40% compared to similar courses that use cool-season grasses.  
· Turfgrass breeders at the University of Georgia have developed improved cultivars of 
seashore paspalum (Paspalum vaginatum). This extremely salt-tolerant grass can be 
irrigated with high-salt or brackish waters with little effect on turf quality. Cultivars are 
available for greens, tees, fairways and roughs, and some can be irrigated with water 
directly from the ocean!  
· Ongoing breeding work on zoysiagrass (Texas A&M), saltgrass (Colorado State and 
Arizona State), annual bluegrass (Minnesota and Penn State Universities), alkaligrass 
(Loft's), fairway crested wheatgrass (Utah State), colonial bentgrass (Univ. of Rhode 
Island) and a number of grass species at Rutgers University and at other commercial 
seed companies, will provide new grass varieties for golf that reduce water and 
pesticide use for decades to come.  
 
 
 
New Irrigation System Technologies 
 
Tremendous strides have been taken in recent years to improve irrigation system efficiency through the use of technology, 
including: 
· Using sophisticated on-site weather stations, weather reporting services and other 
resources to determine accurate daily irrigation replacement needs, thus reducing over-
irrigation. There also is a considerable effort being made to adapt various types of 
sensors to evaluate turf soil moisture replacement needs, including tensiometers, 
porous blocks, heat dissipation blocks, neutron probes, and infrared thermometry.  
· Improving irrigation uniformity through careful evaluation of sprinkler head design, 
nozzle selection, head spacing, pipe size and pressure selection. The Center for 
Irrigation Technology (CIT)(Cal State University at Fresno, 5370 N. Chestnut, Fresno, 
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CA 93740; phone 209-278-2066; http://cati.csufresno.edu/cit) is a leader in combining 
sprinkler uniformity and relative turfgrass quality needs to achieve the greatest water 
savings possible on golf courses and other turf areas. Many golf course irrigation design 
companies and individual golf courses routinely use CIT services to reduce golf course 
water and energy consumption.  
· Using state-of-the-art computerized control systems, portable hand-held controllers, 
and variable frequency drive pumping systems to apply water in the most efficient 
means to reduce water and energy consumption.  
· Considerable savings of water and energy resources can be achieved with these 
technologies. For example, the SCGA Members Club in Murrieta, CA recently installed 
a completely new, state-of-the-art irrigation system and has reduced water use by about 
35%. And because they are able to complete their irrigation schedule in a narrow 
window during nighttime hours, their considerable energy costs have been reduced by 
about 50%.  
 
 
 
Best Management Practices for Golf Course Irrigation 
 
Best Management Practices for water conservation could be described as the combination of proper plant selection and 
cultural maintenance practices that provide adequate turf quality for the game of golf while minimizing water use. These 
could include: 
· Selecting low-water-use turfgrasses, groundcovers, shrubs and trees for use on the 
course.  
· Providing adequate levels of nutrients to the turf, including a balance of potassium and 
nitrogen, while avoiding excessive levels of nitrogen.  
· Using mulches in shrub and flower beds to reduce water evaporation losses.  
· Adjusting mowing heights to the ideal levels, depending on species and seasonal water 
use characteristics.  
· Using soil cultivation techniques such as spiking, slicing and core aerification to improve 
water infiltration and minimize runoff during irrigation or rainfall events.  
· Improving drainage where needed to produce a healthier turf with better root systems 
that can draw moisture from a larger volume of soil.  
· Limiting cart traffic to paths to minimize turf wear and limit soil compaction.  
· Cycling irrigation sessions to ensure good infiltration and minimize runoff.  
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· Root pruning trees near critical turf areas to prevent tree root competition with the turf 
for moisture and nutrients.  
 
 
 
Alternative Water Sources 
 
During periods of drought and water use restrictions, it is not hard to understand why many communities are concerned 
about golf course use of potable water supplies, either from municipal sources or from on-site wells. In response, many golf 
courses have developed alternative irrigation water supplies that do not depend on potable sources. These include: 
· Storage ponds to collect storm runoff water that might otherwise be lost and wasted.  
· Use of tertiary treated effluent from municipal sewage treatment facilities. This recycled 
water provides moisture and nutrients to the golf course while helping the municipality 
avoid discharging the effluent water into nearby rivers. The turf does an excellent job of 
filtering the water of nutrients and breaking down various chemicals and biological 
contaminants in the water. Use of recycled water on golf courses is mandatory in some 
locales in the Southwest, and it is estimated that more than 1000 courses nationwide 
currently use this source of water.  
· Use of brackish waters or even ocean water to supplement other water sources. 
Bermudagrass is quite tolerant and seashore paspalum is very tolerant of high salt 
content water, allowing golf courses to irrigate with brackish waters that otherwise have 
little other use. For example, the Old Collier Golf Club in Naples, FL is planting its 
greens, tees, fairways and roughs to two of the new seashore paspalum varieties 
emanating from the Univ. of Georgia breeding program, and will be using ocean water 
from a nearby estuary bay to irrigate the turf. A state-of-the-art irrigation system will 
allow precise application of this water so as not to affect native plant materials, and the 
entire course will be irrigated during six off-peak hours to minimize energy costs.  
· Construction of reverse-osmosis (RO) desalinization plants on-site to produce irrigation 
water from ocean water or brackish water where other supplies are not available or are 
very expensive to purchase. The Everglades Club on the Barrier Island of Palm Beach, 
FL; the Jupiter Island Club in Hobe Sound, FL; the Sombrero Country Club in 
Marathon, FL; and the Mahogany Run Golf Course in St. Thomas, U.S. Virgin Islands, 
all have built RO plants in recent years and have established good-quality, dependable, 
and less costly supplies of irrigation water, while allowing others in their communities to 
use the limited supply of potable water.  
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Golf Course Design Concepts that Save Water 
 
Today, golf course architects use innovative design concepts to help save water. 
· Careful earth shaping and good drainage design is used to collect runoff and sub-
surface drainage water in on-site storage lakes.  
· Turfed areas and water-demanding landscape areas are held to a minimum, resulting in 
water savings of 50% or more.  
· Golf course sites with poor or inconsistent soils are capped with a 6-inch layer of sand 
to allow uniform water infiltration and a significant reduction in water use by reducing 
runoff and avoiding over-application of irrigation water.  
 
 
 
Educational Opportunities Concerning Water Use and 
Conservation 
· Numerous books related to golf course irrigation are available for practitioners.  
· The Golf Course Superintendents Association of America and the Irrigation Association 
regularly present seminars concerning golf course irrigation.  
· More than 2000 golf courses participate in the Audubon Cooperative Sanctuary 
Program for Golf Courses, which educates course personnel about water conservation 
and protection, and provides recognition to courses that take significant steps to 
conserve water.  
· There are many industry periodicals that routinely explain and promote the use of 
water-conserving practices.  
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Golf and Water Quality 
 
http://www.usga.org/turf/articles/environment/water/golf_water_quality.html 
Introduction  
 
Water. It descends from the clouds as rain to form streams, lakes, and seas. It’s a major element of all living matter, an 
odorless, tasteless, slightly compressive liquid oxide of hydrogen, H2O. It appears bluish in thick layers, freezes at O C, and 
boils at 100 C.  
 
Water is the principal reason that planet Earth is a habitable planet. Water is one of the most precious of our recyclable 
resources ... and its quality is our common concern. The volume of water utilized each day in the United States is the 
highest of any country in the world. Still, we have an adequate supply if it is wisely conserved, used, and recycled.  
 
Yet the amount of water is not our only concern. Water quality is also a critical issue. The United States Golf Association 
(USGA) recognizes the importance of water quality--- for both groundwater and surface water. The USGA has taken 
positive actions to begin investigating the effects of golf course management practices on water quality. Between 1991 and 
1994, ten research studies investigating pesticide and fertilizer effects were sponsored at 11 universities. This research 
provided useful preliminary information on pesticide and fertilizer fate, as well as testing and developing a variety of 
measurement devices and research methodology for turfgrass.  
 
The USGA recognizes that the research it has sponsored is only a beginning. Understanding water quality issues will be 
essential to predict or simulate accurately the impact of managed turfgrass systems in a local environment. With objective 
information, the ability to identify true hazards to our health or the environment is increased, and turfgrass managers can 
take steps to best utilize the tools available in turfgrass management.  
 
 
 
Overview of Results  
 
In an overview of all the sponsored studies, three conclusions are immediately apparent.  
· First, turfgrass is a much more effective filter than cropland, and will require new 
prediction models to estimate pesticide and fertilizer fate accurately.  
· Second, most fertilizers and pesticides showed little potential to affect groundwater and 
surface water quality. Turfgrass managers can take a few simple steps today to further 
reduce the chance of groundwater or surface water contamination.  
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· Finally, more research is needed. In some cases, these first studies showed results that 
were inconclusive or unexpected according to current models. In general, more work 
on pesticide runoff and volatilization is needed for additional soil types and climates 
across the United States. Maintaining water quality is critical to the long-term success of 
the turf industry. Both groundwater and surface waters must be protected through 
proper fertilizer and pesticide application practices. Research indicates that when 
pesticides and fertilizers are properly used, the chances for movement of these 
materials into ground or surface water are minimal. Each product needs to be carefully 
evaluated individually to assess product characteristics, site conditions, and 
environmental factors.  
 
 
 
Structure of This Report  
 
The remainder of this report is organized into four major sections:  
1. Defining Water Quality: this section introduces the basic terminology of water quality 
and the concept of pesticide and fertilizer fate.  
2. Leaching and Runoff: this section summarizes the factors that affect leaching (the 
movement of products through the soil into the groundwater) and runoff (surface water 
movement after storms or irrigation).  
3. Results of USGA-sponsored Research: listed by product.  
4. Reference List  
 
 
 
Defining Water Quality  
 
Many issues fall under the banner of water quality. Certainly natural disasters like hurricanes and flooding can have a 
dramatic negative effect on the quality of groundwater and even surface water, rendering it unfit for human consumption 
without extensive treatment. As inhabitants of this planet, we also have a tremendous influence on the quality of our water. 
We are learning to take a critical look at several of the most common causes of groundwater and surface water 
contamination: industrial and community effluents; high-density urban areas with extensive paving and/or insufficient storm 
sewers to contain runoff; farming and livestock production practices; and simple human carelessness in disposing of 
household wastes.  
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For golf courses, water quality is often linked to the use of pesticides and fertilizers on the course and the potential for these 
chemicals to enter groundwater or surface water systems. USGA-sponsored research has focused on the factors influencing 
water quality.  
 
Numerous golf course practices are already in place to maintain the quality of water while reducing the labor and energy 
costs required to sustain an excellent playing surface. For example, chemical control is only one approach used against 
pests by modern golf course superintendents. Superintendents select adapted turfgrasses with pest resistance and tolerance 
to climatic stress. They optimize turf growing conditions by ensuring that the proper amount of sunlight and air movement 
reach turf area. Attention to mowing heights and well-maintained equipment also help produce a healthy plant. The 
selection and proper application of fertilizers are carefully planned throughout the year. Finally, water management, 
through correct irrigation and adequate drainage, provides a healthy root system resistant to disease.  
 
In addition to optimizing turf growing conditions, biological controls (such as predatory insects) and limited spot-spraying of 
pest infestations can be combined in a management system referred to as Integrated Pest Management (IPM). Chemical use 
has become more targeted and more efficient as this technique has evolved. Fertilizer use may decline where community 
effluent water is used to irrigate turfgrasses.  
 
In recent years, controversy has sometimes surrounded the use of fertilizers and pesticides, even though similar products 
are used on home lawns. All products available on the market are carefully tested and then regulated by the Environmental 
Protection Agency. The USGA-sponsored research was designed to investigate how these products move through turfgrass 
and the soil/thatch profile.  
 
Numerous practices are in place to help maintain quality. 
· Adapted grasses with pest resistance  
· Correct mowing heights  
· Proper fertilization and irrigation  
· Adequate drainage  
· Integrated pest management  
· Biological controls  
 
 
 
Leaching and Runoff  
 
Groundwater and surface water quality is affected primarily by two mechanisms: leaching and runoff.  
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Leaching is the downward movement of a pesticide or fertilizer through the soil and potentially into the groundwater. The 
degree to which a product leaches is affected by several factors:  
· Soil type (products leach less in clay than sand).  
· The degree to which fertilizers or chemicals bind to the soil.  
· Persistence of chemicals or fertilizers in the soil.  
· Solubility of the pesticide in water.  
 
Runoff describes the movement of water across the turf and soil surface, such as what happens after a thunderstorm or 
heavy irrigation. If this water removes pesticides or fertilizers from the turf, then it can move these chemicals into streams, 
lakes, and rivers.  
 
Many fertilizers and pesticides must penetrate the turfgrass to reach the soil and roots to achieve effectiveness. Yet when 
products penetrate too quickly, the result can be negative in several ways. First, the product may not perform as well as 
desired or expected. Second, the product may move below the root zone so the plant is unable to utilize the product. The 
applied product may continue moving through the soil and eventually enter the groundwater. Thus, it is in the interest of 
everyone to determine when leaching is likely to occur and how it can be prevented.  
 
Leaching  
Leaching is affected by environmental factors and the characteristics of the product.  
 
Environmental Factors  
Maturity of the turf can make a significant difference in the amount of leaching that occurs. A well-established, mature turf 
with some thatch will slow leaching.  
 
In general, the USGA-sponsored studies found that pesticides and fertilizers which were properly applied to turfgrass did 
not leach in significant amounts. Levels of leaching were usually well below public drinking-water standards, measured as 
ppm (parts per million) or ppb (parts per billion). For purposes of comparison, one part per million is like a teaspoon in an 
average size swimming pool. One part per billion is like a teaspoon in 26 million gallons of water.  
 
Soil texture describes the size of soil particles (i.e., sand, silt, and clay) in a soil. Soils that have smaller, flatter particles — 
like clay — have more surface area and chemical charge. Fine clay has about 10,000 times as much surface area as the 
same weight of medium-sized sand. Pesticides or fertilizers tend to bind or adsorb to this larger surface area. Thus, all other 
factors being equal, soils with some clay particles are more likely to tie-up pesticides and fertilizers, potentially reducing the 
amount that can move into the groundwater.  
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Sandy soil, on the other hand, has large particles and less chemical charge. These particles offer the pesticide or fertilizer 
less surface area for adsorption. Thus, very sandy soils are likely to have more potential for leaching. When sandy soils are 
amended by organic matter (for example sphagnum peat moss is added), more surface area and charge are present. The 
increased surface area and charge available in amended soils slows leaching. Putting greens built to USGA 
recommendations, which contain a mixture of sand and peat, improves water retention and the ability of the soil to bind or 
adsorb chemicals. Greens built in this manner reduce fertilizer and pesticide leaching.  
 
Soil moisture can also affect leaching. Generally, dry soils will have more capacity or space for water than wet soils. 
Excessive irrigation or rainfall can increase the risk of products moving downward through the soil profile into groundwater 
or transported by runoff water into surface water bodies.  
 
Characteristics of the product  
Pesticide and fertilizer binding properties affect leaching as well. Because of their chemical properties, some products are 
more likely to adsorb or bind to soil particles than others. Products used in the turf industry encompass a wide range of 
binding properties. In general, products that bind more tend to leach less. Soil scientists use a term called Koc to predict 
binding potential. Most pesticides used in turf have the advantage of binding to soil and thatch, thereby reducing the 
chance for movement into groundwater. A Koc value of less than 300 to 500 is considered low, and may indicate the 
potential for leaching in some situations.  
 
Persistence describes how long products last before they are metabolized or broken down. Products that last longer before 
metabolizing may be more effective; however, a product that is in the soil longer also has more time to leach into 
groundwater. Persistence is determined by several factors, but principally by how the product degrades.  
 
Some products degrade faster in sunlight (photochemical degradation). Others degrade faster when in contact with water 
(chemical degradation). Some products enter a gaseous state (volatilization). And finally, most pesticides and fertilizers are 
broken down to some degree by the action of soil microbes (microbial degradation). Scientists use the term half-life 
(expressed as DT50) to describe how many days it takes for 50 percent of the original pesticide to break down into other 
products, called metabolites.  
 
Solubility is defined as the ability of a chemical to dissolve in water. The solubility of a pesticide must be considered in 
conjunction with the other factors.  
 
Use rate: A pesticide that is used at high rates may leach into water if it also meets several of the above criteria (long 
persistence, low binding ability and high solubility). Most newer pesticides have low use rates.  
 
On the following pages, results of the leaching studies are presented by product name. This allows quick reference to the 
potential environmental fate of each product and associated management recommendations. However, it should be noted 
that several studies intentionally simulated "worst-case" scenarios (i.e. pure sand, high rainfall, a chemical known to leach) 
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to investigate the range of leaching potential under a variety of conditions.  
 
Runoff  
Surface water features such as ponds, lakes, and streams are an integral part of many golf courses and landscapes. They not 
only provide a valuable source of irrigation water and habitat for fish and wildlife, but also add challenging obstacles for 
golfers.  
 
Protecting surface water requires good planning by turf managers to prevent accidental pesticide and fertilizer 
contamination. The most common reason for surface water contamination by fertilizers or pesticides is heavy rainfall soon 
after application, before the material has moved into the soil or thatch. Heavy rainfall can move the pesticide or fertilizer 
because it has remained on the surface and not yet had a chance to be adsorbed by the soil, used by the plant, or broken 
down in the soil. Sloping terrain, thin turf, and poorly drained or compacted soils can also contribute to the potential 
movement of fertilizers and pesticides into surface waters.  
 
Several encouraging developments have reduced the potential for pesticide and fertilizer movement into surface waters. 
New pesticides are used at lower rates and degrade faster in the environment. This reduces the chances for surface water 
contamination. Golf course superintendents are highly trained to do a better job of applying pesticides and fertilizers. 
Newer, more technologically advanced equipment improves the placement of these materials. By raising the awareness of 
turf managers to be more careful with pesticides and fertilizers applied near water, the chances for surface water 
contamination are significantly reduced.   
 
Summary  
Maintaining water quality is critical to the long-term success of the turf industry. Both groundwater and surface waters must 
be protected through proper fertilizer and pesticide application practices. Research indicates that when pesticides and 
fertilizers are properly used, the chances for movement of most of these materials into ground or surface water are minimal. 
Each product needs to be carefully evaluated to assess product characteristics, site conditions, and environmental factors.  
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Environmental Principles for 
Golf Courses in the United 
States 
 http://www.usga.org/turf/articles/environment/general/environmental_principles.html 
Preamble  
 
A group of leading golf and environmental organizations have jointly developed a set of principles which seek to produce 
environmental excellence in golf course planning and siting, design, construction, maintenance and facility operations.  
 
 
 
What Are the Principles?  
 
These principles are envisioned as a tool of universal value, for national use under a variety of circumstances. However, it 
should be up to local communities, based on local values, and others involved in the regulatory process, to assess the 
environmental compatibility of golf courses.  
 
These principles are meant to provide a framework for environmental responsibility in developing goals for existing courses 
and for considering issues associated with new courses. They are designed to educate and inform the public and relevant 
decision makers about environmental responsibility, and to help set goals for environmental performance.  
 
These principles are voluntary. They are not intended for use in making judgments about socio-economic issues. These 
principles assume regulatory compliance and are designed to provide opportunities to go beyond that which is required by 
law.  
 
These principles were developed through a collaborative research and dialogue process, and represent a consensus of all 
endorsing organizations. They represent areas of agreement but do not resolve all environmental issues related to golf. The 
dialogue and process is ongoing, as is the implementation of these principles.  
 
 
 
How Should They Be Used?  
 
Good environmental practice and design is the result of a multitude of factors and a thorough understanding of how these 
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factors interrelate on a specific site in a specific locale. The principles are meant to be used as a guide to making good 
decisions relative to the planning and siting, design, construction, maintenance and operation of a golf course. They are 
voluntary, and should be interpreted as representing a whole philosophy of good environmental design and management 
rather than specific dictates, each of which must be met in all cases. It is hoped that the principles will be widely adopted 
and used to improve the level of environmental awareness, practice, dialogue, and quality achieved within the game of 
golf.  
 
For further information you are encouraged to contact any or all of the following organizations that participated in the 
development of these principles. A contact person for each organization is listed in Appendix 1.  
· American Farmland Trust  
· American Society of Golf Course Architects  
· Audubon International  
· Center for Resource Management  
· Friends of the Earth  
· Golf Course Superintendents Association of America 
· Golf Digest  
· National Coalition Against the Misuse of Pesticides  
· National Wildlife Federation  
· North Carolina Coastal Federation  
· Rain Bird - Golf Division  
· Royal Canadian Golf Association  
· SENES Oak Ridge, Inc. - Center for Risk Analysis  
· Sierra Club  
· United States Environmental Protection Agency  
· United States Golf Association  
 
See Appendix 2 for those organizations who have, at this publication, endorsed the principles.  
 
 
 
Precepts  
 
The participating organizations are committed to the following basic precepts which provide a foundation for the 
environmental principles: 
· To enhance local communities ecologically and economically.  
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· To develop environmentally responsible golf courses that are economically viable.  
· To offer and protect habitat for wildlife and plant species.  
· To recognize that every golf course must be developed and managed with 
consideration for the unique conditions of the ecosystem of which it is a part.  
· To provide important greenspace benefits.  
· To use natural resources efficiently.  
· To respect adjacent land use when planning, constructing, maintaining and operating 
golf courses.  
· To create desirable playing conditions through practices that preserve environmental 
quality.  
· To support ongoing research to scientifically establish new and better ways to develop 
and manage golf courses in harmony with the environment.  
· To document outstanding development and management practices to promote more 
widespread implementation of environmentally sound golf.  
· To educate golfers and potential developers about the principles of environmental 
responsibility and to promote the understanding that environmentally sound golf 
courses are quality golf courses.  
· Voluntary Principles for Planning and Siting, Design, Construction, Management, 
Facility Operations and What Golfers Can Do To Help.  
 
 
 
Planning and Siting  
 
1. Developers, designers and others involved in golf course development are encouraged to work closely with local 
community groups and regulatory/permitting bodies during planning and siting and throughout the development process. 
For every site, there will be local environmental issues and conditions that need to be addressed.  
 
2. Site selection is a critical determinant of the environmental impact of golf courses. A thorough analysis of the site or sites 
under consideration should be completed to evaluate environmental suitability. It is very important to involve both the 
designer and a team of qualified golf and environmental professionals in this process.  
 
3. Based on the site analysis and/or regulatory review process, it may be determined that some sites are of such 
environmental value or sensitivity that they should be avoided. Other less environmentally sensitive or valuable sites may be 
more suitable or even improved by the development of a golf course if careful design and construction are used to avoid or 
mitigate environmental impacts.  
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4. The presence and extent of some types of sensitive environments may render a site unsuitable or, in some cases, less 
suitable for golf course development. Examples include, but are not limited to: 
· Wetlands  
· Habitat for threatened or endangered plant or animal species  
· Sensitive aquatic habitats  
 
5. There may be opportunities to restore or enhance environmentally sensitive areas through golf course development by 
establishing buffer zones or by setting unmaintained or low-maintenance areas aside within the site.  
 
6. Golf course development can be an excellent means of restoring or rehabilitating previously degraded sites (e.g., landfills, 
quarries and mines). Golf courses are also excellent treatment systems for effluent water and use of effluent irrigation is 
encouraged when it is available, economically feasible, and agronomically and environmentally acceptable.  
 
 
 
Design  
 
1. When designing a golf course, it is important to identify existing ecosystems. Utilizing what nature has provided is both 
environmentally and economically wise. Emphasizing the existing characteristics of the site can help retain natural 
resources, allow for efficient maintenance of the course and will likely reduce permitting and site development costs.  
 
2. A site analysis and feasibility study should be conducted by experienced professionals. The identification of 
environmentally sensitive areas and other natural resources is important so that a design can be achieved that carefully 
balances environmental factors, playability, and aesthetics.  
 
3. Cooperative planning and informational sessions with community representatives, environmental groups and 
environmental groups and regulatory agencies should be part of the initial design phase. Early input from these groups is 
very important to the development and approval process. This dialogue and exchange of information should continue even 
after the course is completed.  
 
4. Native and/or naturalized vegetation should be retained or replanted when appropriate in areas that are not in play. In 
playing areas, designers should select grasses that are best adapted to the local environmental conditions to provide the 
necessary characteristics of playability yet permit the use of environmentally sustainable maintenance techniques.  
 
5. Emphasis should be placed upon the design of irrigation, drainage and retention systems that provide for efficient use of 
water and the protection of water quality. Drainage and stormwater retention systems should, when possible, be 
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incorporated in the design as features of the course to help provide for both the short- and long-term irrigation needs of the 
maintained turf and the unmaintained areas of the course.  
 
6. Water reuse strategies for irrigation should be utilized when economically feasible and environmentally and 
agronomically acceptable. It is important that recycled water meets applicable health and environmental standards and that 
special consideration be given to water quality issues and adequate buffer zones. Water reuse may not be feasible on some 
sites that drain into high quality wetlands or sensitive surface waters. Suitable soils, climatic conditions, groundwater 
hydrology, vegetative cover, adequate storage for treated effluent and other factors will all influence the feasibility of water 
reuse.  
 
7. Buffer zones or other protective measures should be maintained and/or created, if appropriate, to protect high quality 
surface water resources or environmentally sensitive areas. The design and placement of buffer zones will vary based on the 
water quality classifications of the surface waters being incorporated into the course. Regulatory agencies and 
environmental groups can assist in the planning of buffer zones.  
 
8. Design the course with sustainable maintenance in mind. The design should incorporate Integrated Plant Management 
and resource consideration strategies that are environmentally responsible, efficient, and cost effective. Integrated Plant 
Management includes integrated pest management and emphasizes plant nutrition and overall plant health.  
 
9. The design of the course should enhance and protect special environmental resource areas and when present, improve 
or revive previously degraded areas within the site through the use of plants that are well adapted to the region. Seek 
opportunities to create and/or preserve habitat areas that enhance the area's ecosystem.  
 
 
 
Construction  
 
1. Use only qualified contractors who are experienced in the special requirements of golf course construction.  
 
2. Develop and implement strategies to effectively control sediment, minimize the loss of topsoil, protect water resources, 
and reduce disruption to wildlife, plant species and designed environmental resource areas.  
 
3. Schedule construction and turf establishment to allow for the most efficient progress of the work while optimizing 
environmental conservation and resource management.  
 
4. Retain a qualified golf course superintendent/project manager early in the design and construction process(es) to 
integrate sustainable maintenance practices in the development, maintenance and operation of the course.  
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Maintainence  
 
Plant Protection and Nutrition  
 
1. Employ the principles of Integrated Plant Management (IPM), a system that relies on a combination of common sense 
practices of preventing and controlling pests (e.g., weed, diseases, insects) in which monitoring is utilized to identify pests, 
damage thresholds are considered, all possible management options are evaluated and selected control(s) are 
implemented. IPM involves a series of steps in the decision-making process:  
a. Through regular monitoring and record keeping, identify the pest problem, analyze the 
conditions causing it, and determine the damage threshold level below which the pest can be 
tolerated.  
 
b. Devise ways to change conditions to prevent or discourage recurrence of the problem. 
Examples include: utilizing improved (e.g., drought resistant, pest resistant) turfgrass varieties, 
modifying microclimate conditions, or changing cultural practice management programs.  
 
c. If damage thresholds are met, select the combination of control strategies to suppress the 
pest populations with minimal environmental impact, to avoid surpassing threshold limits. 
Control measures include biological, cultural, physical, mechanical, and chemical methods. 
Biological control methods must be environmentally sound and should be properly screened 
and tested before implementation.  
 
Non-chemical control measures should focus on practices such as the introduction of natural 
pest enemies (e.g., parasites and predators), utilizing syringing techniques, improving air 
movement, soil aerification techniques, and mechanical traps.  
 
The selection of chemical control strategies should be utilized only when other strategies are 
inadequate.  
When chemical and nutrient products need to be applied the following practices should be 
utilized:  
 
2. Always read and follow label directions when using any plant protectant products. Strive to treat problems at the proper 
time and under the proper conditions to maximize effectiveness with minimal environmental impact. Spot treatments may 
provide early, effective control of problems before damage thresholds are reached.  
 
3. Store and handle all pest control and nutrient products in a manner that minimizes worker exposure and/or the potential 
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for point or non-point source pollution. Employ proper chemical storage practices and use suitable personal protective 
equipment and handling techniques.  
 
4. Use nutrient products and practices that reduce the potential for contamination of ground and surface water. Strategies 
include: use of slow-release fertilizers, selected organic products, and/or fertigation.  
 
5. Test and monitor soil conditions regularly and modify practices accordingly. Choose nutrient products and time 
applications to meet, not exceed, the needs of the turfgrass.  
 
6. All plant products should only be applied by or under the supervision of a trained, licensed applicator or as dictated by 
law.  
 
7. Maintain excellence in the continuing education of applicators (including state licensing, professional association training 
and IPM certification). Training for non-English speaking applicators should be provided in the worker's native language.  
 
8. Facilities should inform golfers and guests about golf course chemical applications. Common methods include permanent 
signs on the first and tenth tee boxes and/or notices posted in golf shops and locker rooms.  
 
Water Usage  
 
1. Use native, naturalized or specialized drought-tolerant plant materials wherever possible. For areas in play (greens, tees 
and fairways), using plant materials that are: well-adapted to local environmental conditions; can be efficiently managed; 
and provide the designed playing characteristics.  
 
2. Plan irrigation patterns and/or program irrigation control systems to meet the needs of the plant materials in order to 
minimize overwatering. When feasible, use modern irrigation technologies that provide highly efficient water usage. Inspect 
systems regularly for leaks and monitor water usage.  
 
3. Water at appropriate times to minimize evaporation and reduce the potential for disease.  
 
4. Consider converting to effluent irrigation systems when available, economically feasible and agronomically and 
environmentally acceptable.  
 
5. Manage water use effectively to prevent unnecessary depletion of local water resources.  
 
Waste Management  
 
1. Leave grass clippings and other organic materials in place whenever agronomically possible. If clippings are removed, 
compost and, if possible, recycle them.  
 
2. Dispose of chemical rinsate in a manner that will not increase the potential for point or non-point source pollution. 
Methods include rinsate recycling or "spraying out" diluted compound in previously untreated areas.  
 
3. Dispose of chemical packaging according to label directions (e.g., triple rinsing, recycling or returning to manufacturer).  
 
4. Other waste products, such as used motor oil, electric batteries and unused solvents, should be recycled or disposed of 
according to the law and available community disposal techniques.  
 
5. Seek to reduce waste by purchasing products that minimize unnecessary packaging.  
 
Wildlife Management  
 
1. Habitat for wildlife species that help control pests (e.g., bats, bluebirds, purple martins, etc.) should be protected. 
Additional habitat for these beneficial species should be created whenever feasible and environmentally desirable.  
 
2. Manage habitat to maintain healthy populations of wildlife and aquatic species.  
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3. Species such as skunks, non-migratory Canada geese, and deer, when they become damaging, should be managed 
through non-harmful means whenever possible. Non-harmful control methods could include dogs, noisemakers, repellents, 
and trapping and removal. Managed hunting may be appropriate where legal and safe.  
 
 
 
Facility Operations  
 
1. Facilities should conduct an environmental assessment in order to develop and implement an overall environmental 
policy and/or long-range plan that reflects or expands on these principles.  
 
2. Maintain ongoing records to measure and document progress towards environmental improvement.  
 
3. The environmentally responsible practices adopted for the maintenance of the golf course should extend to all areas of 
the overall facility grounds.  
 
4. Facilities should adopt practices and technologies that conserve natural resources, including water and energy.  
 
5. Facilities should develop and initiate comprehensive programs for recycling, reuse and waste reduction.  
 
6. Facilities should properly store and dispose of solvents, cleaning materials, paints and other potentially hazardous 
substances.  
 
7. Facilities are urged to join programs that help to foster effective environmental management and policies.  
 
8. Facilities should take active steps to educate golfers, neighbors and the general public about their environmental policies 
and practices.  
 
 
 
What Golfers Can Do To Help  
 
The American golf community is dedicated to preserving the game's treasured links to nature. As a result, golf courses are 
now being developed, designed and managed more responsibly than ever before. However, we who play the game also 
have a responsibility to help ensure that golf remains compatible with nature and that our courses are well-managed and in 
harmony with the environment.  
 
As golfers we should:  
 
1. Recognize that golf courses are managed land areas that should complement the natural environment.  
 
2. Respect designated environmentally sensitive areas within the course.  
 
3. Accept the natural limitations and variations of turfgrass plants growing under conditions that protect environmental 
resources (e.g., brown patches, thinning, loss of color).  
 
4. Support golf course management decisions that protect or enhance the environment and encourage the development of 
environmental conservation plans.  
 
5. Support maintenance practices that protect wildlife and natural habitat.  
 
6. Encourage maintenance practices that promote the long-range health of the turf and support environmental objectives. 
Such practices include aerification, reduced fertilization, limited play on sensitive turf areas, reduced watering, etc.  
 
7. Commit to long-range conservation efforts (e.g., efficient water use, Integrated Plant Management, etc.) on the golf 
course and at home.  
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8. Educate others about the benefits of environmentally responsible golf course management.  
 
9. Support research and education programs that expand our understanding of the relationship between golf and the 
environment.  
 
10. Take pride in our environmentally responsible courses.  
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Golf Courses Benefit People and Wildlife  
 http://www.usga.org/turf/articles/environment/general/golf_courses_benefit.html 
What Are the Principles?  
 
Although many Americans enjoy working in their yards and maintaining an attractive landscape, they may not realize the 
tangible benefits of their efforts. These same benefits are available on the golf course where the combination of mowed 
turf, trees and natural areas provides a diverse environment for people and wildlife. Preserving these green spaces improves 
the environmental quality of the entire community.  
 
As the game of golf has become more popular, people have become interested in how golf affects land resources and the 
environment. Many organizations in golf are actively answering these questions. In the past several years, the United States 
Golf Association (USGA) has supported more than 90 university studies and research projects to evaluate the relationship 
between golf and the environment.  
 
This document highlights the benefits of turf, trees and natural areas as commonly found on golf courses. The information 
presented about these benefits is supported by factual, unbiased university research. Further information about any specific 
benefit - and the research from which it was drawn - can be provided by the USGA.  
 
The golf course ecosystem:  
· Provides wildlife habitat  
· Protects topsoil from water and wind erosion  
· Improves community aesthetics  
· Absorbs and filters rain  
· Improves health and reduces stress for more than 24.5 million golfers  
· Improves air quality  
· Captures and cleanses runoff in urban areas  
· Discourages pests (e.g. ticks and mosquitoes)  
· Restores damaged land areas (e.g. former landfill or mining sites)  
· Makes substantial contributions to the community's economy  
 
 
 
1) Golf Course Roughs and Trees Create Good Wildlife Habitat 
 
More than 70 percent of most golf courses are rough and non-play areas including natural grasses, trees and shrubs. 
Combined with the open areas of fairways and greens, the golf course is an attractive wildlife habitat. The USGA and the 
Audubon Society of New York State have developed the Audubon Cooperative Sanctuary Program for Golf Courses. This 
program enhances wildlife habitat on and around golf courses. From osprey to deer, an amazing number of species are 
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making golf courses their home. 
 
 
 
2) Turf Protects Topsoil from Water and Wind Erosion 
 
Our nation's topsoil is not a renewable resource. Wind and water may erode the topsoil into rivers, lakes and oceans. Once 
gone, it cannot be replaced in our lifetimes. Turf controls erosion by capturing and slowing fast-flowing water from storms. 
 
How does turf stop erosion? Turf has a dense system of roots and shoots. Its normal growth patterns create organic matter. 
Together, the dense shoot and root growth slow surface water runoff. For example, during most rainstorms, very little soil is 
lost from areas covered by well maintained turf. However, there is a considerable loss of soil from bare ground and 
cropland. Even during extremely intense rainstorms (three inches per hour), studies show that turf holds up to 20 times 
more soil than traditionally-farmed cropland. 
 
 
 
3) Courses Improve Community Aesthetics 
 
Turf not only keeps things cooler on a hot day; it also reduces noise pollution. Turf also reduces the glare of bright sunlight 
more than pavement or buildings. Plus, the community gains beauty and function when areas damaged by mining or 
landfills are reclaimed by professionally designed, constructed and maintained golf courses. 
 
 
 
4) Turf Absorbs Rainwater 
 
Rain is an important source of clean groundwater - which supplies much of our drinking water. Yet, during severe storms, 
water may run into streams and lakes, where it can't move through the soil to reach the groundwater. 
 
Turf easily absorbs and filters runoff water during and after storms. Turf absorbs water because its growth habitat creates 
many tiny spaces that trap and hold moisture. In addition, well maintained turf encourages as many as 300 earthworms per 
square yard. The tiny tunnels the earthworms provide create even more places for the water to go. As water soaks into the 
grass and the soil below, it is filtered and cleansed. This process is so effective that many golf courses have become water 
recycling sites for their communities, using treated wastewater for irrigation. 
 
 
 
5) Golf and Turf Reduce Stress, Improve Physical Health 
 
Many types of turf were developed specifically for golf courses and other recreational uses. Golf provides over 24.5 million 
Americans the opportunity to exercise outdoors. 
 
In research studies, participants lowered their cholesterol levels by walking the course when they played. An average 9-hole 
course covers about two miles and an 18-hole course about four miles. 
 
In addition to benefits from exercise, research has shown that looking at a pleasant outdoor view can be healthy. In one 
study, hospital patients recovered faster when they had a view of turf, trees and open spaces. In another study, employees 
of businesses with well-designed landscaping and well-maintained turf had a more positive job attitude. 
 
 
 
6) Turf Helps Beat the Heat and Improve the Air We Breathe 
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It's cooler in August in the park or in the country than on city streets. This cooler temperature is due to more than the 
shade. The grass itself can reduce the temperature. Synthetic turf can be twice as hot as green, growing turf - and asphalt is 
hotter still. Around urban areas, these green areas of grass and trees can actually reduce the energy needed for air 
conditioning. 
 
Turf also improves the air we breathe. The turf growth process takes carbon dioxide from the air and releases the oxygen 
we need. A landscape of turf, trees, and shrubs about 2,000 square feet in size generates enough oxygen for one person for 
one year. Some studies have shown that certain types of turf can even absorb carbon monoxide. This is especially beneficial 
near roads where carbon monoxide is most concentrated. 
 
 
 
7) Turf Captures and Cleans Dirty Runoff in Urban Areas 
 
In urban areas, the water collecting in parking lots, streets and vacant lots can be full of pollutants. Turf areas provide a 
good growing environment for many microorganisms. These microorganisms, in turf, help cleanse water by digesting the 
pollutants in the trapped water and speeding up their normal breakdown. 
 
 
 
8) Pests, Pollen and Disease 
 
Dense, well-maintained turf helps reduce the weeds and pollen that aggravate allergy sufferers. When turf is mowed 
regularly, it seldom produces flowers that release pollen. 
 
Closely mowed turf also discourages pests like mosquitoes, ticks and chiggers. Controlling ticks helps reduce the threat of 
Lyme Disease. 
 
 
 
9) Turf Can Help Restore Lost and Damaged Land Areas 
 
Turf is an excellent choice to restore areas damaged by landfills or mining operations. Turf has a very dense root system that 
holds the soil and rainwater, reducing erosion. As turf grows, it adds organic matter to the soil. This allows it to absorb even 
more water and hold it. 
 
Many communities have found that a golf course is an excellent way to restore damaged areas. Beautiful golf courses exist 
today where abandoned quarries, strip mines and landfills once stood. Golf courses combine the benefits of turf with the 
beauty of landscaping. The result is a total reclamation of land for the community. 
 
 
 
10) Golf Contributes To the Community's Economy 
 
Golf has grown in popularity. It now appeals to a broader range of people than ever before. United States golf course 
facilities impact the economy at an estimated $18 billion each year. Today, more than 24.5 million men, women and youth 
spend 2.4 billion hours outside, playing one of the 14,500-plus golf courses. The USGA is working to make golf accessible 
everyone. Over 78 percent of the rounds played are on public golf courses. 
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